S2. The Performance of Model II in correcting Dimer and Trimer Potential Energy Surfaces
Figures S1 and S2 summarize the water dimer and trimer configurations tested in this study. [3] [4] All the configurations were optimized using QCISD with aug-cc-pVDZ-df basis set. With the exception of the trans-dimer, which is believed to the global minimum. All the other configurations were optimized with symmetry constraint. Table S2 and S3 report the cluster binding energies. Tables S4 and S5 report the force RMSEs. Figure S1 . Water dimer clusters studied in this work: (a) (
Figure S2. Water trimer clusters studied in this work: (a) ( We also tested creating a supplemental potential to improve B3LYP exchange correlation functional [5] [6] to the quality of ab initio MP2. The aug(dz)-cc-pVTZ basis set is used for this study. The aug(dz)-cc-pVTZ basis set is created by combining the cc-pVTZ basis set with the augmented functions from aug-cc-pVDZ basis set.
The training set of this study is similar to the BLYP with the exception that six water molecules around the center water were picked instead of four. The MP2 reference calculations were thus performed on clusters of seven water molecules. The functional forms being fitted in model III are identical to those used in Model II as described in the paper. For the DFT-D study in this trial, the procedure of Grimme 7 is followed with the B3LYP exchange-correlation functional. •rad
To test the quality of the new Model III, binding energies and forces of water hexamers were calculated at the MP2 potential energy minima. The results are summarized in Table S9 and S10. In all cases, B3LYP-M3 provides significant improvement over B3LYP. B3LYP-M3 is also significantly better than DFT-D.
Relative cluster energies are plotted in Figure S3 . Figure S3 . Scatter plot of relative cluster energies calculated using B3LYP, DFT-D and B3LYP-M3. The x coordinates represent MP2 relative cluster energies.
